This paper investigates a jury decision when hung juries and retrials are possible. When jurors in subsequent trials know that previous trials resulted in hung juries, informative voting cannot be an equilibrium regardless of voting rules unless the probability that each juror receives the correct signal when the defendant is guilty is identical to the one when he is innocent. Thus, while Coughlan (2000) claims that mistrials facilitate informative voting, our result shows that such an assertion holds only in limited circumstances.
Introduction
In many jurisdictions in the United States and elsewhere, unanimity among jurors is required for jury verdict. The unanimity rule is commonly believed to minimize the possibility of convicting an innocent defendant. This view is challenged by Feddersen and Pesendorfer (1998) in light of game-theoretic analysis of voting behavior. They show that, if jurors vote strategically, the unanimity rule may convict the innocent and acquit the guilty more often than most rules, including the simple majority rule. Coughlan (2000) provides a counterargument to their claim in his study of jury decision with mistrials. He points out that unanimity is required for either conviction or acquittal in many jurisdictions. Otherwise a hung jury occurs and the case faces a new trial in the future with a new group of jurors.
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Based on this idea, he constructs a model in which informative voting is an equilibrium for a nontrivial range of parameters.
The above model, however, does not explicitly allow information transmission between trials. By contrast, information is often disclosed between trials in reality. For example, news media regularly covers trials and information about mistrials is frequently reported.
To capture this feature, this paper allows jurors to know that previous trials (if any) resulted in hung juries and use this fact to infer the likelihood of guilt or innocence of the defendant. For any voting rule, we show that informative voting is an equilibrium only in knife-edge cases where the probability that a juror receives the correct signal when the defendant is guilty is exactly the same as the one when the defendant is innocent. Although Coughlan argues that mistrials facilitate informative voting, our result demonstrates that his claim has only limited applicability.
In addition to mistrials, Coughlan (2000) presents another model to justfy unanimity rule. He introduces a model with deliberation and shows that informative voting is an equilibrium for a nontrivial range of parameters. Austen-Smith and Feddersen (2006) further assume uncertainty about juror preferences. They show that informative voting is not an equilibrium under the unanimity rule if jurors have heterogeneous preferences, while it may be an equilibrium under nonunanimous rules. Both their paper and ours question the efficacy of the unanimity rule in realistic models: deliberation in their paper and hung juries in ours.
The current work is part of the literature on jury design under strategic voting pioneered by Austen-Smith and Banks (1996) . They study the strategic aspect of jury decision and show that informative voting often fails to be an equilibrium. McLennan (1998) and Wit (1998) show that there exists an equilibrium, which may not be informative, that aggregates jurors' information in an adequate manner. Duggan and Martinelli (2001) and Meirowitz (2002) consider continuous signals. Guarnaschelli, McKelvey, and Palfrey (2000) find experimental evidence of strategic voting in jury setting. Study of Condorcet Jury theorems has a long tradition in a more statistically oriented literature (Grofman and Feld, 1988; Young, 1988; Ladha, 1992) .
Model and Result
A defendant is under a jury trial on a criminal charge. There are two states of the world ω ∈ {G, I}: the defendant is either guilty (denoted G) or innocent (I). The prior probabilities that the state is G and I are r ∈ (0, 1) and 1 − r, respectively.
At each period t = 0, 1, 2, . . ., a jury composed of n jurors is formed. The jury at t, denoted by N t , 2 makes a decision d t ∈ {A, C, M } following a voting rule specified by an integerk ∈ (n/2, n]. At each period t, each juror j ∈ N t casts a vote v j ∈ {a, c}, where a is a vote for acquittal and c is a vote for conviction. If at leastk jurors vote for conviction, then the defendant is convicted (d t = C); if at leastk jurors vote for acquittal, then the defendant is acquitted (d t = A); if neither of these happens, then a mistrial is declared (d t = M ). When a mistrial is declared, a new jury (with new members) is formed at period t + 1 and the same procedure is repeated. Once the jury reaches a verdict (d t ∈ {A, C}) at any t, it becomes the final decision
Each juror j receives private signal s j ∈ {g, i} correlated with the state of the world ω ∈ {G, I}. Given ω, s j follows an i.i.d. distribution. Let p g (respectively p i ) be the conditional probability that each juror observes the "correct signal" g (respectively i) when the true state is G (respectively I). We assume p g , p i ∈ (1/2, 1).
The utility of juror j when the state is ω and a final decision d ∞ ∈ {C, A} is made is denoted by u j (d ∞ , ω), and defined as u j (C, G) = u j (A, I) = 0, u j (C, I) = −q j , u j (A, G) = −(1 − q j ), where q j ∈ (0, 1). When an infinite sequence of mistrials occurs, each juror receives some fixed utility.
3 Juror j prefers conviction to acquittal if and only if she places at least probability q j that the defendant is guilty. We assume thatq ≡ sup j∈ S ∞ t=0 N t q j < 1 and q ≡ inf j∈ S ∞ t=0 N t q j > 0. In words, while we allow for an infinite number of potential jurors, levels of "reasonable doubt" for the population is bounded away from the extreme values, 0 and 1. All jurors in the t th trial know that there were t − 1 trials before and all of them resulted in mistrials, but they do not know any further information from previous trials. We assume that there is at least one numerical split under which a mistrial is declared. This assumption holds except for simple majority rule with n odd.
A strategy of each juror j is a function which assigns a vote v j for each private signal s j . We say that a strategy profile is an informative voting if each juror j chooses c if s j = g and a if s j = i.
When the signals for guilt and innocence are equally accurate, that is, p g = p i = p for some p ∈ (1/2, 1), a straightforward adaptation of Coughlan (2000) shows that informative voting forms a sequential equilibrium if and only if, for each juror j,
Next, consider the case with p g = p i .
Theorem 1. Suppose p g = p i . Then informative voting never forms a sequential equilibrium.
3 Since our analysis focuses on informative voting, infinite mistrials occur with probability zero. Hence no specific assumption on the utility for infinite mistrials is important for the analysis. Also we note that retrials may be costly and prosecutors may decide not to seek a retrial after a mistrial with some probability in reality. Consider a mode in which the game proceeds as in the paper except that there is µ ∈ (0, 1) such that, every time a hung jury occurs, the defendant is acquitted with probability µ without facing a retrial. Theorem 1 carries over to such a model since each juror's posterior is unaffected by this change in the game.
4 This assumption is satisfied quite broadly. One example is a model in which the parameter q j is chosen from a finite set of possible values in (0, 1). A stationary case in which the utility characteristic of each jury is the same for every period is a particular case of such a specification. Even if the population of potential jurors does not satisfy the bound, jury selection procedures (often called voir dire) may render the bound plausible, since the processes prevent highly biased individuals from serving in juries.
We defer the proof to the Appendix and offer an intuition here. Suppose, for instance, that the signal of guilt is more accurate than that of innocence (p g > p i ). Then the jurors are more likely to receive mistaken signals and, as a result, fail to agree on a verdict when the defendant is innocent than when he is guilty (Lemma 1 in the Appendix). Hence, if a juror knows that there was a hung jury before the current trial, she infers that the defendant is more likely to be innocent by Bayes' law. If hung juries occur at sufficiently many periods, then information from having these previous hung juries will become so strong that a juror is willing to vote for acquittal even if she observes a guilty signal. Thus informative voting fails to be an equilibrium.
Theorem 1 suggests that informative voting is rarely an equilibrium. Note that p g = p i holds generically. Moreover, the Theorem applies to any voting rule which allows for a hung jury (i.e., the only exception is simple majority rule with n odd). Thus the defense of unanimity rule by Coughlan is inapplicable to most cases.
The conclusion of Theorem 1 can be strengthened if additional information is available to jurors. For example, it can be shown that informative voting is not an equilibrium regardless of probabilities of the correct signal if jurors are informed of numerical splits of votes in previous trials. 
is the probability that a single jury composed of n jurors makes a decision d if each juror independently votes for conviction with probability p. It is clear by definition that π M (p) = π M (1−p) for any p. The following lemma is key for our analysis.
5 The proof is omitted, but is available from the authors upon request.
Proof. By differentiation, dπ M (p) dp
By a well-known identity n k+1
(k + 1) = n k (n − k), the terms in summation in equation (1) cancel each other out. By this and the fact n n−k+1
The assumption that there is at least one numerical split under which a mistrial is declared impliesk > (n + 1)/2 and hencek − 1 > n −k. Also, the assumption p ∈ (1/2, 1] implies p > 1 − p. Thus expression (2) is always negative. Therefore π M (p) is strictly decreasing in p ∈ (1/2, 1].
Proof of Theorem 1. First consider the case with p g > p i . Let m ω j be the expected disutility of juror j when the jury which contains j is hung, while each juror follows an informative voting and the true state is ω. 
For an arbitrary j, let Pr(ω =ω, |s| n−1 =k − 1|s j , t) be the probability that the state isω and, of n − 1 jurors other than j,k − 1 jurors observe signal s, conditional on the event that juror j ∈ N t observes signal s j and the existence of all the previous mistrials. Since jurors in N t observe t hung juries at periods 0, . . . , t − 1, we obtain, for example,
Define EU j (v j |s j ) to be the expected utility for juror j of casting a vote v j , conditional on j getting to vote and observing signal s j . Juror j ∈ N t who observes s j = g has incentives to vote for conviction if and only if
j Pr(ω = I, |i| n−1 =k − 1|g, t) + m G j Pr(ω = G, |g| n−1 =k − 1|g, t). By Lemma 1, p g > p i implies π M (p g ) < π M (p i ) = π M (1 − p i ). Therefore lim t→∞ Pr(ω = G, |g| n−1 =k − 1|g, t) = lim t→∞ Pr(ω = G, |i| n−1 =k − 1|g, t) = 0. Moreover lim t→∞ Pr(ω = I, |g| n−1 =k − 1|g, t) = n−1 k−1
(1 − p i ) n−k = lim t→∞ Pr(ω = I, |i| n−1 =k − 1|g, t)
by p i > 1/2. Thus we obtain lim t→∞ EU j (c|g) − EU j (a|g) ≤ −q n−1 k−1
(1 − p i )k −1 p n−k i < 0. Hence for any sufficiently large t, EU j (c|g) − EU j (a|g) < 0 for any juror j ∈ N t . In other words, all jurors in N t have strict incentives to vote for acquittal even if they observe private signal g, which establishes that informative voting is not an equilibrium.
In the case with p g < p i , an argument analogous to the above one establishes that, for any sufficiently large t, all jurors in N t who observe private signal i have strict incentives to vote for conviction. Hence informative voting does not form an equilibrium in this case either.
